Abstract. This study compares in two experiments the responses of lactating dairy cows to four different progesterone-based protocols for fixed-time artificial insemination (FTAI) in terms of their effects on follicular/luteal dynamics and fertility. The protocols consisted of a progesterone intravaginal device fitted for five days, along with the administration of different combinations of gonadotropin releasing hormone, equine chorionic gonadotropin and a single or double dose (24 h apart) of prostaglandin F 2α . In Experiment I, the data were derived from 232 lactating cows. Binary logistic regression identified no effects of treatment on ovulation failure or multiple ovulation 10 days post artificial insemination (AI). Based on the odds ratio, the likelihood of ovulation failure was lower (by a factor of 0.1) in cows showing at least one corpus luteum (CL) upon treatment than in cows lacking a CL; repeat breeders (> 3 AI) and cows with multiple CLs at treatment showed lower (by a factor of 0.44) and higher (by a factor of 9.0) risks of multiple ovulation, respectively, than the remaining animals. In Experiment II, the data were derived from 5173 AIs. The independent variable treatment failed to affect the conception rate 28-34 days post AI, twin pregnancy or early fetal loss 58-64 days post AI. The results of this study demonstrate the efficacy of 5-day progesterone-based protocols for FTAI. All four protocols examined were able to induce ovulation in both cyclic and non-cyclic animals so that FTAI returned a similar pregnancy rate to spontaneous estrus. Our results suggest that the ovarian response and fertility resulting from each treatment are due more to the effect of ovarian structures at treatment than to the different combinations of hormones investigated. Key words: Bovine, eCG, Hormone treatment, Synchronization protocols, Twin pregnancy (J. Reprod. Dev. 60: [426][427][428][429][430][431][432] 2014) D espite improved scientific knowledge in the field of reproductive physiology and developments in genetics and nutrition, the reproductive efficiency of high-producing dairy cows continues to decline in parallel with increasing milk production [1, 2] . Ovarian disorders have been identified as major contributors to fertilization failure [3, 4] , and the presence of anestrous or non-cyclic cows after the waiting period has been described as a major problem in dairy herds. Such disorders are induced by factors such as metabolic stress, environmental stress (e.g., heat stress) and inadequate management practices [5] [6] [7] [8] .
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Additionally, the duration of estrous behavior in lactating dairy cows seems to be getting shorter, probably due to the metabolic clearance of steroid hormones related to high milk production [9] . Thus, in recent studies, the most accurate external sign of estrus, i.e., standing to be mounted, was only detected in around 60% of estrous periods [10, 11] . These latter two situations further contribute to missed detection of estrus by producers [12] . Finally, as production systems have become more intensive, the increased use of AI has meant a reduced need for bulls. As a result, cows are often falsely identified as being in estrus and inseminated when conception cannot occur [12] [13] [14] . The above are cogent reasons why breeding synchronization protocols for fixed-time artificial insemination (FTAI) have become standard components of the current breeding management of lactating cows and heifers.
Progesterone-based protocols for synchronizing estrus or inducing ovulation, in combination with gonadotropin releasing hormone (GnRH) or an analogue and prostaglandin F 2α (PGF 2α ) or an analogue, allow for effective management of FTAI in lactating dairy cows, regardless of whether they are cyclic or non-cyclic (anestrous cows) and without the need to detect estrus [15] [16] [17] [18] . In effect, progesterone (P4) suppresses estrus, improves estrous expression following treatment [19, 20] and promotes subsequent ovulation [21] . Intravaginal inserts impregnated with progesterone are usually applied for 7-9 days. However, several recently developed five-day P4-based protocols for FTAI have provided results that compare favorably with those observed for longer protocols [22] [23] [24] . These five-day P4-based protocols make use of different combinations of hormones. As a result, Lima et al. [22] questioned the administration of GnRH on the first day of the protocol when animals received a single dose of prostaglandin F2α (PGF2α) 5 days later. Ribeiro et al. [23] increased the number of pregnancies per AI by administering twice the luteolytic dose of PGF2α given 24 h apart at P4-device removal in presynchronized lactating cows. Finally, Garcia-Ispierto et al. [24] improved fertility compared with spontaneous estrus by adding eCG at P4-device removal in high producing dairy cows under heat stress. The advantages of 5-day progesterone-based protocols over conventional 7 to 9-day protocols could be related to induction of ovulation of younger and healthier follicles in 5-day protocols, whereas the role of each hormonal drug and intervals between the drugs used in each protocol could depend on the cyclicity status of the cow. Therefore, in order to clarify the effectiveness of different five-day P4-based protocols, this study was designed to assess the following in cycling and non-cycling lactating dairy cows: follicular and luteal dynamics (Experiment I) and fertility (Experiment II) in response to four five-day P4-based protocols, including different combinations of GnRH (on the first day of the protocol) and eCG (at P4-device removal). The effects of a single or double dose (given 24 h apart) of PGF2α upon P4-device removal were also examined.
Materials and Methods

Cattle and herd management
The present study was performed on four commercial dairy herds in northeastern Spain. Briefly, herd management entailed housing in free stalls with concrete slatted floors and cubicles, the use of fans and water sprinklers in the warm season (May to September), rigorous postpartum checks, confirmation of estrus at the time of artificial insemination (AI) by palpation per rectum, and performance of most AIs (over 95%) by veterinarians.
The mean annual culling rate was 28%. The mean annual milk production for the herds during the study period was 11,255 kg per cow. The cows were grouped according to age (primiparous vs.multiparous), milked three times daily and fed complete rations. Dry cows were kept in a separate group and transferred to a "parturition group" 7-25 days before parturition depending on their body condition score [25, 26] and if they carried twins [27] . An early postpartum, or "fresh cow", group was established for postpartum daily checks and nutrition controls, and 7-to 20-day postpartum, primiparous and multiparous lactating cows were transferred to separate groups. All cows were artificially inseminated. The voluntary waiting period for the herds was 50 days.
Reproductive health management
In the postpartum daily checks, the following puerperal diseases were treated until resolved or until culling: signs of injury to the genital area (i.e., vaginal or recto-vulvar lacerations), metabolic diseases such as hypocalcemia and ketosis (for the latter, diagnosed during the first or second week postpartum), retained placenta (fetal membranes retained longer than 12 h after parturition), or puerperal metritis (diagnosed during the first or second week postpartum in cows not suffering placenta retention).
The herds were maintained on a weekly reproductive health program. This involved examining the reproductive tract of each animal by ultrasound from 15 to 21 days postpartum to check for normal uterine involution and ovarian structures. Reproductive disorders diagnosed at this time such as endometritis or ovarian cysts were treated until resolved. Detectable cloudy intrauterine fluid was interpreted as endometritis [28] . An ovarian cyst was diagnosed when a follicular structure larger than 20 mm in diameter (external diameter including the wall) was detected in either or both ovaries in the absence of a CL and uterine tone [29] . A second exam was performed to check uterine and ovarian structures at the end of the voluntary waiting period on days 40-46 postpartum. Possible endometritis and/or ovarian cysts were also recorded and treated at this time. In the latter exam, a cow was recorded as suffering follicular anovulation when a follicular structure of at least 8-15 mm was detected in two consecutive examinations in the absence of a corpus luteum (CL) or cyst, and no estrous signs were noted during the 7-day period between the exams [30] .
Since a retained placenta or puerperal metritis were previously shown to be related to subsequent pregnancy loss in cows [31] , both disorders were always treated by introducing oxytetracycline boluses into the uterus plus cefquinome sulphate i.m. and PGF2α at the end of treatment. Prostaglandin F2α or a synthetic analogue was also used to treat pyometra and ovarian cysts. In the latter case, treatment was subsequent to manual rupture of the cystic structure per rectum [32] . Cows suffering follicular anovulation received a progesterone-based treatment [7] .
Insemination, pregnancy diagnosis and pregnancy loss
All cows were artificially inseminated using semen from bulls of proven fertility. Spontaneous estrus was confirmed by palpation per rectum [33, 34] in cows deemed to be in estrus using a pedometer system, and the animals inseminated at this time. Only cows showing estrous signs with strong uterine contractility (determined by uterine tone) and copious transparent vaginal fluid were inseminated [12, 13] . If a cow returned to estrus, its status was confirmed by examination per rectum, and the animal was recorded as nonpregnant. In the remaining cows, pregnancy diagnosis was performed by ultrasound 28-34 days post AI and confirmed 58-64 days post AI. Since management and cow-related factors of a noninfectious nature have been extensively linked to late embryonic or early fetal loss in our geographical area [14, 27] , pregnancy loss was recorded when the 58-to 64-day diagnosis proved negative.
Experimental design
All procedures were approved by the Ethics Committee on Animal Experimentation of the University of Lleida (license numbers CEEA.09-01/12 and CEEA.09-01/13).
During the weekly reproductive visit, open cows with more of 50 days in milk and with no reproductive disorders such as ovarian cysts and endometritis detected by ultrasound were randomly assigned to one of the following groups: 2PGG, 2PGGe, 2PGe and PGe (Fig. 1) . Cows in the 2PGG group were treated with a progesterone-releasing intravaginal device (PRID) (PRID-DELTA, containing 1.55 g of progesterone; CEVA Salud Animal, Barcelona, Spain) plus GnRH (100 μg i.m.; Cystoreline, CEVA Santé Animale, Libourne, France) at PRID insertion. The PRID was left for 5 days, and these animals were also given PGF 2α (25 mg dinoprost i.m.; Enzaprost, CEVA Santé Animale, Libourne, France) at PRID removal. Twenty-four hours later, the cows received a second PGF2α dose, and they were inseminated and received a second GnRH dose 36 hours after receiving the second PGF2α dose. The remaining groups were treated with the same P4-based protocol but with the following differences: cows in the 2PGGe group received 500 IU of eCG i.m. (Syncostim, CEVA Santé Animale, Libourne, France) at PRID removal; cows in the 2PGe received eCG at PRID removal and no GnRH was given at PRID insertion; and cows in the PGe group received eCG at PRID removal and no GnRH at PRID insertion nor the second dose of PGF 2α . In this latter group, cows were fixed-time inseminated 60 h after PRID removal. Only healthy cows with no signs of mastitis, lameness or digestive disorders were included in the study. Two experiments were performed to investigate effects of treatments on follicular/luteal dynamics (Experiment I) and fertility (Experiment II).
Cows diagnosed as not pregnant received no further treatment related to the study. This meant that a cow receiving a five-day P4-based protocol was included only once in both experiments. All gynecological exams and pregnancy diagnoses were performed by the second author.
Experiment I. Effects of four different P-based protocols for FTAI on follicular/luteal dynamics
This experiment was designed to establish the possible effects of each treatment on follicular/luteal dynamics. The data examined were derived from 232 lactating Holstein-Friesian cows comprising a single dairy herd (Herd 1) for the period of December 2012 to October 2013. Ovarian follicular structures larger than 10 mm in diameter and the absence or presence of one or more CLs larger than 10 mm (as the maximum diameter) were assessed by ultrasonography immediately before treatment and AI and at 10 days after AI. In our geographical region, there are only two clearly differentiated weather periods: warm (May to September) and cool (October to April) [2, 6, 35] . Parturition and treatment dates were used to analyse the effects of season on subsequent reproductive performance.
The following data were recorded for each animal: herd, parturition and treatment dates; parity (primiparous vs.multiparous); previous retained placenta or metritis; repeat breeding syndrome (cows undergoing more than 3 AIs); treatment (2PGG, 2PGGe, 2PGe or PGe); body condition score (BCS) at treatment (from 1 to 5 units; lower than 2.5 vs. 2.5 or higher); season of treatment (cool -October to April -vs. warm -May to September); milk production at treatment (mean production during the three days before treatment) (low producers < 40 kg vs. high producers ≥ 40 kg); days in milk at treatment; cyclicity at treatment (presence of at least one CL); ovarian structures at AI (three classes: one single follicle, two or more follicles or presence of a CL); ovulation failure (absence of a CL 10 days after AI); semen-providing bull; AI technician, conception rate 28-34 days post AI; presence of twins; and pregnancy loss 58-64 days post AI.
Three binary logistic regression analyses were performed. The dependent variables considered in these three analyses, respectively, were cyclicity at the beginning of treatment (CY) (0, absence of luteal structures; 1, presence of at least one CL); ovulation failure determined 10 days after AI (OF) (0, presence of at least one CL; 1, absence of luteal structures); and multiple ovulation after AI, determined in ovulating cows 10 days after AI (MO) (0, one single CL; 1, two or more CL). Season of parturition and treatment; parity; previous retained placenta or metritis; treatment; repeat breeding syndrome; and days in milk, body condition score and milk production at treatment were considered independent variables. For the dependent variables OF and MO, CY was added respectively as a two-class (absence of luteal structures or presence of at least one CL) and three class (CL absent, one single CL or 2 or more CLs) independent variable.
Regression analyses were conducted according to the method of Hosmer and Lemeshow [36] using the logistic procedure of PASW Statistics for Windows Version 18.0 (SPSS, Chicago, IL, USA). Significance was set at P < 0.05.
Experiment II. Conception, twin pregnancy and pregnancy loss rates of fixed-time inseminated cows following four different P-based protocols compared with spontaneous estrus
Data were derived from 5173 AIs performed on 2050 lactating Holstein-Friesian cows comprising three further dairy herds (Herds 2, 3 and 4) with 160, 740 and 1150 cows, respectively, for the period of January to December 2013. The possible effects of each treatment on the variables of conception rate 28-34 days post AI, twin pregnancy and early fetal loss 58-64 days post AI were evaluated.
The data recorded for each animal were the same as those for Experiment I except for ovarian structures at AI and 10 days later, which were not recorded. Cyclicity at treatment was registered as a two classes independent variable (absence of luteal structures or presence of at least one CL). In this experiment, cows that were artificially inseminated following spontaneous estrus (n=3248 AI) during the study period were used as controls. Body condition score was not registered in control cows.
Three binary logistic regression analyses were performed for all inseminations. The dependent variables considered in these three analyses, respectively, were conception rate 28-34 days Post AI; twin pregnancy; and pregnancy loss. Herd, season of parturition and AI; parity; previous retained placenta or metritis; treatment; repeat breeding syndrome; days in milk, body condition score and milk production at AI; semen-providing bull; and AI technician were considered independent variables. For the dependent variable pregnancy loss analysis, twin pregnancy was added as an independent variable. Insemination was the experimental unit of the analyses, and the variable cow was treated as a repeated measure. In treated animals, one single binary logistic regression analysis was also performed with conception rate 28-34 days Post AI as the dependent variable but including body condition score and cyclicity upon treatment as independent variables.
Results
Experiment I. Effects of four different P-based protocols for FTAI on follicular/luteal dynamics
The mean values for milk production, number of lactation and number of previous AIs at the time of treatment were 40.0 ± 8.4 kg, 2.5 ± 1.7 lactations and 3.5 ± 2.7 AIs, respectively (mean ± SD). Table 1 provides data on the effects of treatment for each variable. None of the 12 cows that failed to ovulate became pregnant.
Binary logistic regression analyses revealed a significant relationship (odds ratio, 2.1; 95% confidence interval, 1.14-3.74; P = 0.015) between repeat breeding syndrome and cyclicity at the beginning of the treatment. This meant that repeat breeders were 2.1 times more likely to show luteal structures (74.7%; 65/87) upon starting treatment than the remaining animals (57.3%; 83/145).
The likelihood of ovulation failure was 0.1 times lower (95% confidence interval: 0.02-0.44; P = 0.003) in cows showing luteal structures at the start of treatment (1.4%; 2/148) compared with cows lacking a CL (11.9%; 10/84).
Repeat breeders were less likely (by a factor of 0.44) to suffer multiple ovulation 10 days after AI than non-repeat breeders. Cows with multiple CLs at the time of treatment were more likely (by a factor of 9.0) to experience multiple ovulations 10 days after AI than cows lacking a CL (Table 2) .
Experiment II. Conception, twin pregnancy and pregnancy loss rates of fixed-time inseminated cows following four different P-based protocols compared with spontaneous estrus
All animals: The mean values for milk production, number of lactation and number of previous AIs for the study period were 43.9 ± 9.9 kg, 2.6 ± 1.5 lactations and 3.1 ± 2.2 AIs, respectively. The mean days in milk for control and treated cows at AI were 152 ± 135 and 159 ± 141 days, respectively. Table 3 provides data on the effects of treatment for each examined variable. Of the 5173 AIs, 1559 (30.1%) resulted in pregnancy, 288 (18.5%) of the cows had twin pregnancies and 301 (19.3%) suffered pregnancy loss.
No significant effects were found of any of the variables examined with respect to the conception rate. Since the effects of season of AI and parity showed a tendency to be significant (P = 0.09 and P = 0.08, respectively), one single binary logistic regression analysis was also performed with conception rate 28-34 days post AI as the dependent variable for control cows.
The likelihood of twin pregnancy was 1.9 times higher (95% confidence interval: 1.3-3.6; P = 0.01) in multiparous cows (20.8%; 221/1060) compared with primiparous cows (13.4%; 67/499).
Cows carrying twin pregnancies were more likely (by a factor of 2.5; 95% confidence interval: 1.6-4.1; P < 0.0001) to suffer pregnancy loss (36.1%; 104/288) than the cows carrying single pregnancies (15.5%; 197/1271).
Control cows: Based on the odds ratio, AI during the warm period led to a 0.86-fold decrease (95% confidence interval: 0.78-0.95; P = 0.02) in the pregnancy rate (27.2%; 362/1332) compared with that during the cool period (30.3%, 580/1916). The likelihood of pregnancy was lower in multiparous cows (0.76-fold; 95% confidence interval: 0.68-0.83; P = 0.01) (27.8%, 641/2309) compared with primiparous animals (32.1%, 301/939).
Treated cows: Binary logistic regression analyses revealed a significant relationship (odds ratio, 0.5; 95% confidence interval, 0.3-0.7; P < 0.001) between cows with a BCS < 2.5 units at the time of treatment and the conception rate 28-34 days post AI. This meant that cows with a BCS < 2.5 units were 0.5 times less likely to become pregnant (22.3%; 87/398) than the remaining animals (34.5%; 530/1535).
The independent variable treatment failed to affect any of the dependent variables examined in both experiments. No interactions were found.
Discussion
To the best of our knowledge, no prior study has investigated ovarian structure dynamics and fertility in response to different short (5-day) progesterone-based synchronization protocols including combinations of GnRH, PGF2α and eCG. The results of our study indicate the similarly good performance of all these protocols in high-producing dairy cows. Points to be highlighted that cows with two or more corpora lutea at the start of treatment showed a greater risk of multiple ovulation than cows lacking luteal structures; cyclic cows showed a lower risk of ovulation failure when compared with non-cyclic cows; and cows with a BCS of 2.5 or more at the time of treatment were more likely to get pregnant than the remaining animals. Therefore, our results suggest that the ovarian response and fertility resulting from each treatment were due more to the effect of ovarian structures and BCS at treatment than to the different combinations of hormones investigated.
All four protocols led to acceptable estrous synchronization for FTAI. In effect, the mean pregnancy rate of 32.1% (617/1925) for treated cows was comparable to that of 29% (942/3248) for inseminations performed at spontaneous estrus. The good response to all protocols was probably due more to the effect of P4 plus the second GnRH dose used to induce ovulation than to the actions of the hormone combinations administered at the start or end of treatment. One reason for this statement is the fact that P4 and the second GnRH dose were the only fixed treatments for all protocols. These results reinforce the idea that short P4-based protocols may lead to improved fertility compared with the more conventional longer protocols [24] . Higher postovulatory circulating concentrations of progesterone have been noted for these 5-d protocols with a consequent improvement in fertility compared with a 7-day ovulation synchronization protocol [37, 38] .
Twin pregnancies increased the risk of pregnancy loss by 2.3 times during the late embryo early fetal period, in agreement with previous results [39] [40] [41] . Besides early pregnancy loss, twin pregnancies also have other effects such as increasing the risks of abortion, dystocia, retained placenta, calf mortality, occurrence of freemartins, a need for postpartum therapy, longer rebreeding intervals and culling [42, 43] . Over the past two decades, the twinning rate has risen alongside milk production [42, 44] . However, several studies performed on high-producing dairy cows in our geographical area [45] [46] [47] have detected no effect of milk production on double ovulation. According to some authors, double ovulation may be more correlated with the previously used synchronization protocol. Andreu-Vazquez et al. [48] reported that non-cycling cows subjected to 7-9-day P4-based protocols adding eCG were more likely to suffer a twin pregnancy compared with the remaining animals in their study, including cows receiving a 5-day P4-based protocol. In our study, cows with two Table1. Effects of the different treatments on each variable (Experiment I; N=232) or more CLs at the start of the protocol carried a 9.0-fold higher risk of double ovulation after treatment compared with non-cyclic animals. No effect of adding eCG to a short-P4-based protocol was detected. These results, regardless of the synchronization protocol used, probably point to a maternal trait and are consistent with the findings of other studies that have examined twinning rates [42, 43] . Cow health and well-being should not be discarded as a factor favoring double ovulation [45] . To the best of our knowledge, this idea of a maternal predisposition to twinning has not yet been proposed for animals with double ovulation. The question that arises is what type of protocol should we use in open cows with two or more corpora lutea? Maybe a shorter protocol such as PG 2α plus eCG, GnRH 48 h later followed by FTAI 24 h following GnRH treatment would be the best option for these cows. Indeed, this latter protocol was found to reduce the risk of twin pregnancy (by a factor of 0.4) in multiparous cows showing silent ovulation [47] . In the present study, the likelihood of twin pregnancy was 1.8 times higher in multiparous than in primiparous cows, reinforcing previous results [48] . Ovulation failure is considered to be a major cause of infertility in dairy cattle [8, 15, 16] . Under our experimental conditions, no effects of the synchronization protocol, parity, season of AI or milk production were observed on ovulation failure after treatment. Only cows with a CL at the treatment outset were ten times less likely to suffer ovulation failure. The absence of luteal structures in the remaining animals suggests that most were anestrous cows. Although the addition of eCG to P4-based protocols has been noted to promote ovulation in anestrous dairy cows [49] , it is logical that cows suffering anestrus would be less sensitive to any type of treatment than cows with a CL, which are probably normal cycling cows. However, it should be noted that the figure of 5.2% of cows failing to ovulate here is close to the 6.5% reported for 1,917 AIs performed at spontaneous estrus [45] . In this latter study, the warm period of the year was the main factor found to promote ovulation failure. In the present study, P4 treatment probably reduced the effects of heat stress. Cows inseminated following a spontaneous estrus during the warm period suffered a decrease in the pregnancy rate compared with cows inseminated during the cool period. In contrast, season was not a factor affecting the fertility of treated cows. In the same sense, P4 protocols probably overcome the negative effect of age. Primiparous cows with spontaneous breeding had a higher conception rate than their multiparous partners, in agreement with extensive studies [14] , whereas parity was not a factor affecting treated cows.
Negative energy balance (NEB) is closely related to a loss of body condition score (BCS) at calving and has been shown to affect the subsequent productive and reproductive performance of postpartum cows [25, 26] . NEB during the early postpartum period can affect fertility later in the lactation period by reducing the number of ovarian cycles [50] . Moreover, carry-over effects of NEB can result in deficiencies in oocyte, embryo and CL quality [51] and increase the risk of metabolic disorders [52, 53] . Herein, cows with a BCS < 2.5 units showed a lower conception rate irrespective of treatment. Management practices should focus on reducing this problem in herds to avoid infertility.
As anticipated, repeat breeding cows (> 4 AI) showed more luteal activity at the treatment outset than the remaining animals. Treatments failed to affect the pregnancy rate in these cyclic animals (Experiment II), but it was precisely their cyclicity that increased the likelihood of luteal activity at the start of treatment compared with the remaining cows (Experiment I). It is more difficult, however, to explain why repeat breeder cows showed a lower risk of multiple ovulations than the remaining cows. Perhaps, if repeat breeders carry a greater risk of single ovulation, this could be one of the reasons why repeat breeding syndrome reduces fertility. When the possibility exists of fertilizing not only one but two or more oocytes, the chance of pregnancy increases [20, 54] . More extensive studies are needed to assess the ovulation behavior of repeat breeder cows.
The results of this study demonstrate the efficacy of 5-day progesterone-based protocols for FTAI. All four protocols examined were able to induce ovulation in both cyclic and non-cyclic animals so that FTAI returned a similar pregnancy rate to spontaneous estrus.
